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Bayesian discriminating analysis on category attribution of nitrogen,
phosphorus and potassium fertilization for early rice
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( 1 Soil and Fertilizer Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350013, China, 2 Fujian Institute of Subtropical
Plants, Xiamen 36000, China; 3 Fujian Cropland Construction and Soil and Fertilizer Station, Fuzhou 350003, China )

Abstract: [ Objectives ] In soil testing and formulated fertilization, soil testing is the key to realize rational
fertilization through practical guidance. However, collection of representative soil samples is often difficult
because of highly decentralized farmland management, and soil sample analysis is cost and time-consuming.
Therefore, statistical pattern recognition techniques were studied in this paper to explore category attribution of
nitrogen (N), phosphorus (P) and potassium (K) fertilization without soil testing for early rice. [ Methods ] Data
from eighty field experiments in southeast of Fujian Province, China, were used in this study. Based on the
response of early rice to N, P and K fertilizers, the paddy fields were divided into regional fertilization categories,
using clustering analysis method of Euclideana distance-sum of squares of deviations. Then the NPK fertilization
category for a field was calculated based on the statistical pattern recognition principle, the application rates of N,
P and K fertilizers and the outputs. [ Results ] On condition of ensuring that the average yield of the blank area
and that of balanced fertilization had statistical significant differences between any two fertilization categories, the
80 paddy fields were divided clearly into six fertilization categories. Multivariate statistics showed that the
differences of covariance matrix of six categories were not all equal, and the Bayesian discrimination function of
each category was established based on that. The standardization of the original data greatly improved the

discrimination accuracy, with the back substitution misjudgment rate and cross misjudgment rate of training
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samples of only 1.2% and 1.3% respectively, and the category discrimination accuracy of the 84 treatments in the

6 reserved experimental sites reached 81.0%. [ Conclusions ] Statistical pattern recognition principle and its

Bayesian discriminate analysis method may provide an effective technical approach for the attribution decisions of

N, P and K fertilization category of early rice without soil testing, and its results could meet the accuracy

requirements of fertilizer recommendation.
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category attribution
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Table 1 Application rates of N, P and K fertilizers and the yields in the 14 treatments of six reserved experiments

SR Jifi T & Application rate

AbFH Treatment

Trialsitt N pO, KO NPK, NP.K NPK, NPK, NPK NiPK, NPK, NP.K, NoPK, NP.K, NP.K, NPK, NP.K, N.PK,
Tl 165 69 101 4295 4790 5815 5815 6290 6410 6370 3870 6070 5985 6310 6090 5730 5940
T2 150 60 90 3675 4050 5025 3975 5025 5415 5025 4950 5190 5280 5280 5175 5265 4950
T3 150 60 105 5345 5490 6513 6584 6792 6858 6663 6058 6697 6358 6107 6428 6446 6761
T4 165 55 110 5250 6065 7260 7200 7595 7745 7705 7160 7535 7465 7310 7125 7275 7340
TS 150 60 105 6150 6105 9750 6000 9510 10500 9510 6255 9510 9000 8505 8250 8505 8760
T6 150 60 105 7470 6225 8600 8300 8825 8876 8351 8576 9026 8576 8450 8675 8475 8745
# (Note ) : EBEIALE A “2” AKFEAjiti e The application rates of N, P and K are the fertilizer amount of “2” level in the
treatments.
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Table 2 Category of the fertilization treatments and the paired significance analysis of the categories

Ak BESF Be FC I & 8 5 ()

PRSI 22 57 B PRSI

S Fertilization category order and the trials number Statistics between any two categories
Category ZIR KR BHEH O
! 2 3 4 > 6 7 8 ? 10 Total number No. of significant difference
3 7 52 21 3 3
4 20 32 7 21 6 6
5 13 8 20 32 7 11 11
6 9 23 13 8 20 7 15 15
7 1 6 9 23 13 8 20 22 22
8 8 15 1 6 9 13 8 16 29 29
9 1 5 8 15 1 9 12 8 20 37 35
10 4 5 1 5 8 15 1 13 8 20 46 43

1 (Note) : FRHFEF R4 RE S AL ELRAS Data are the treatment codes in each trial.
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Table 3 Paddy field yield levels, blank yields and the recommended fertilizer rates for the target yields in different categories
of N, P and K fertilization recommendation for early rice

RS Li wre 2P e
) B O EL N0 WAl E=N S = B Py 3 L N =X
et PR Hefly bt Fb= s Max. fertilizer rate b Eco. fertilizer rate 2
Category No. Yield level Basic yield Target yield Max. yield Eco. yield
N PO, KO N PO, KO

1 7 Super high 6809 + 748 9411 + 637 156 60 98 9403 132 57 82 9342

2 f=7” High 5573 + 871 8074 + 311 163 60 96 8054 140 51 73 7983

3 T Mid & high 5461 + 699 7406 + 303 163 60 103 7414 130 48 80 7329

4 7= Mid 4835 + 436 6890 + 259 175 67 113 6859 141 52 83 6759

5 I Mid &Low 4403 + 178 6327 £259 163 62 108 6330 125 50 85 6240

6 %" Low 3538 + 589 5661 + 424 192 73 99 5664 152 58 77 5569

¥ (Note) : JEAl" A AHEAL A] R4 147" i Basic yield is the yield without fertilization.

F4 SHELINNVSHEANE. B FELEM~2HE (kg/hm’)
Table 4 Average N, P and K fertilizer rates and early rice yields in the selected training samples
from the six fertilization categories

Sfen] JifEE Fertilizer rate b8 Treatment
Category N P,0O; KO N/PK, NP,K; N,P,K, N,P,K, N,P,K, N,P,K, N,P.K, N,P,K;, N,P,K, N,P,K; N;P,K, NP K, N,P,K, N,P K,
1 156 66 104 6809 7219 8829 8021 9015 9411 9062 7938 9144 8927 8862 8753 8779 8782

2 158 56 107 5573 6033 7422 7118 7918 8074 7942 7264 7801 7613 7626 7315 7534 7701

3 160 61 104 5461 6012 6981 6742 7248 7406 7246 6117 7054 7073 7100 6938 6991 7097

4 159 64 106 4834 5225 6249 5931 6628 6890 6602 5681 6668 6624 6561 6221 6227 6470

5 161 64 104 4403 4840 5904 5087 6039 6327 5922 4372 5882 5968 5945 5811 5693 5772

6 150 60 97 3538 3701 4883 4222 5227 5661 5419 4527 5330 5169 5424 4922 4943 5153

7 (Note) : n=6. BPHIEARLIRMEALFE Data are not standardized in the table. ZBFEMEALE R “2” KAt 12 The application
rates of N, P and K are the fertilizer amount of “2” level in the treatments.
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Table 5 Recognition results of fertilization category attribution based on posterior probability
of the Bayesian discriminant function

JiAEE (kg/hm?)

IHEZEHIHE# Category attribution probability

5 Nurtient rate Pt (kghn?) R Rl
Trial site Yield Category Attribution
N P,0; K,0 2 3 4 5 6

Tl 1583 282 1072 7918 1 0.9998 0.0002 0 0 0 0 1

T2 160.3  91.8  104.4 7246 2 0.0001  0.9999 0 0 0 0 2

T3 80.3 63.5 103.9 5904 3 0 0 0.9709 0 0.0291 0 3

T4 2325  60.6 97.1 5424 4 0 0 0 1.0000 0 0 4

TS 793 642 53.2 6227 5 0 0 0.0020 0 0.9980 0 5

T6 156.4  65.6 52.0 9144 6 0 0 0 0 0 1.0000 6

H (Note) : 1. 2, 3, 4, 5. 6 0EMEIEI 1,2, 3,4, 5 and 6 are the categories the sites attributed. ZBEEIEANE R “27 KA FH
g The application rates of N, P and K are the fertilizer amount of “2” level in the treatments.
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Table 6 Fertilization categories of the reserved six trial sites attributed by the Bayesian discriminant function

LM% S Monitored result

F1 55145 5 Discriminant result

15
Ti?lﬁ ;ite AR e [EPNGIEESE 2 S IBAH BRI A% SEHEIERR (%)
Sample No. Fertilization category ~ Sample No. in the category ~ Sample No. in other category =~ Average accuracy
Tl 14 3 11 3 81.0
T2 14 4 13 1
T3 14 5 14 0
T4 14 1 11 3
T5 14 6 10 4
T6 14 6 9 5
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